INTRODUCTION
Orofacial myofunctional evaluation includes a visual and subjective inspection of the hard palate through anthroposcopic assessment. Current clinical assessment protocols include evaluation of width and depth of the hard palate (1, 2) , because the morphology of the structures of the stomatognathic system are crucial for the correct processing functions of this system (3) . Although anthroposcopic assessment of the hard palate is the most frequently used method among pathologists, it has limitations because of the lack of clinical parameters to classify width and depth of the hard palate as normal, reduced or increased.
Current research on orofacial myology is aimed at studying quantitative methods of evaluation that can complement orofacial myofunctional clinical examination. In the literature, there are some resources for quantitative assessment of the hard palate in research whose objective is to compare the dimensions of the hard palate between different clinical groups (4) (5) (6) (7) (8) or compare qualitative and quantitative evaluations of the hard palate (3, 9) . However, in order to make the use of such resources feasible in clinical practice, knowledge is required of reference parameters for quantitative analysis of the hard palate according to gender and age.
Therefore, this systematic review of the literature is relevant because it seeks to answer the following research questions: Do age and gender influence hard palate dimensions? What are the reference parameters of hard palate dimensions?
The objective of this study was to conduct a systematic review of the literature to evaluate the influence of gender and age on hard palate dimensions as well as check the reference parameters available in the literature.
Research strategy
The aim of this systematic review of the literature was to assess the association between gender and age and hard palate dimensions. This is not a systematic review of intervention as described in the Cochrane Handbook and the PRISMA statement. However, the PRISMA guidelines were followed whenever possible.
Two examiners with knowledge in the field conducted the research independently (LCB AND MM). They searched for articles published until June 2017 in the Cochrane Library, PubMed-Medline and Web of Knowledge.
Only articles published in English were considered. Appropriate adjustments were made to the keywords to follow the syntax rules of each database (Table 1) .
The two examiners evaluated the titles and abstracts of all studies they had found. Abstracts with sufficient information to allow inclusion or exclusion decisions were analyzed in full prior to the final decision. Articles that had appeared in different databases were considered only once. Different decisions by the two researchers were resolved by consensus. The selected articles were then carefully analyzed for quality assessment, bias control and data extraction.
The search had to be broadened to include studies that had performed measurements of the maxillary dental arch, as there were few papers that had analyzed the hard palate. This inclusion was made because the hard palate and the maxillary dental arch are closely related, since they are on the same plane of the maxilla and have a similar shape.
Selection criteria
This research included experimental or observational studies conducted with humans which assessed the dimensions of the hard palate or maxillary dental arch with at least a measurement in the transverse, vertical or sagittal plane in normal occlusions or Angle Class I malocclusions and compared such dimensions with gender and/or age.
Studies were excluded when they had samples with craniofacial deformities, cleft palate, syndromes, mouth breathing, crossbite, open bite, and history of orthodontic treatment.
Data analysis
After the selected articles were read in full, the following data were extracted: name of authors, year of publication, country where the study was conducted, study design, objective of the study, characteristics of the sample, instruments used for measuring the hard palate or maxillary dental arch, description of the measures undertaken, average of measures in accordance with gender and/or age and significance value (p-value) when available. Cochrane Library http://cochrane.bvsalud.org/portal/php/index.php (palat* or "dental arch") and measure* or height or depth or width or dimension) and (Korkhaus or compass or caliper or cone-beam or cast) and ("age groups" or age or sex or gender dimorphism or not (deformities or airway or cleft or implant).
PubMed-Medline http://www.ncbi.nlm.nih.gov/pubmed (palat* or "dental arch") and measure* or height or depth or width or dimension) and (Korkhaus or compass or caliper or cone-beam or cast) and ("age groups" or age or sex or gender dimorphism or not (deformities or airway or "Cleft Palate or cleft or implant" or "mini" or miniscrew implant or thickness). Filter was checked for studies using HUMANS.
Web of Knowledge http://apps.webofknowledge.com (palat* or "dental arch") and (measure* or height or depth or width or dimension) and (Korkhaus or compass or caliper or cone-beam or cast) and ("age groups" or age or sex or dimorphism or gender) not (deformities or airway or "Cleft Palate" or cleft or implant or "mini implant" or miniscrew or thickness).
Quality and risk of bias of the included studies were assessed by means of the scale "Newcastle -Ottawa Quality", originally designed for cohort studies (10) , and subsequently adapted for cross-sectional studies (11) . On the scale, the score is given in number of stars comprising three domains: selection, comparability and outcome/result. The maximum score can be nine points for cohort studies and ten points for cross-sectional studies. The higher the score achieved, the greater the internal quality and the lower the risk of bias in the study.
RESULTS
The flowchart shows the results of the searches (Figure 1 ): 215 studies were found in the database Web of Knowledge, 114 in Pubmed-Medline and 39 in the Cochrane Library. According to the selection criteria, 46 studies were selected in accordance with the title and abstract, five of which were excluded for being duplicated. After the articles were read in full, 28 were excluded because they did not fulfill the selection criteria, while 18 studies were included. In the phase of data extraction from the 18 studies included in this systematic review, there was variability in the types of measurements and reference points. Therefore, measurements were made of the vertical transverse, and sagittal planes, which are those of greatest interest to speech-language therapy.
To adequately present a summary of the results of the 18 studies in Table 2 , standardization was applied to the names of measures and their appropriate abbreviations with mention to a point of reference in use (Chart 1). When the reference points used for measurement were marked on the gums, they were considered as hard palate dimensions. When the reference points were marked on the teeth (cusps, grooves or pits), they were considered as maxillary dental arch dimensions.
The designations of hard palate measures (Chart 1) were standardized because of the lack of standardization in the use of nomenclatures for the measurements performed in the 18 studies. It was found that five studies had termed the measures of the sagittal plane of the arch as depth (12, 13, (24) (25) (26) , while the other four had called them length (15, 19, 20, 23) . In four studies, the measure called "depth" was related to the vertical plane (19, 23, 27, 28) . Thus, we chose to standardize the measurements of the sagittal plane as "length" and tjose of the vertical plane as "depth". The measures of the transverse plane were called "width" (Chart 1).
All of the included studies performed the measurements based on plaster casts of the maxillary dental arch. The measurements were performed directly on the models with a dial or a digital caliper (14, 15, (17) (18) (19) 20, 23, 26, 29) , a dial caliper with a gauge to measure palate height (19) or with a three-dimensional Korkhaus compass (23) ; in scanned models, in pictures and copiers, they were measured Heikinheimo et al. (18) 1. Intercanine width: a) distance between the canine cusps; b) distance between the canines measured through the intersection of the gingival rim and the long axis of the tooth. 2. Inter-bicuspid width of the 1st premolar: distance between the lingual cusps of the 1st premolars; 3. Inter-bicuspid width of the 2nd premolar: distance between the lingual cusps of the 2nd premolars; 4. Intermolar Width: a) distance between the mesiolingual cusps; b) distance between the distolingual cusps; c) distance from the gingival rim to the level of the mesiolingual cusps. 
Author year
Description of measurements in the maxillary dental arch according to the selected papers Standardized nomenclature and abbreviations used in this Review maxillary width between the canines and in anteroposterior maxillary length until the first molars. In the mixed dentition phase, one of the studies found significantly higher hard palate in boys only at ten years of age (23) . The analysis of the studies described in Table 2 showed that virtually all the means of the measurements performed in the transverse plane (width), regardless of the point of reference in use, were higher in males. As regards studies that made a statistical analysis to compare the values found in the transverse plane (width) between males and females in the permanent dentition phase, it was found that five (13) (14) (15) 22, 29) found a significant difference between males and females, while four others (12, 17, 20, 24) showed no difference.
Of the 12 studies performed with subjects in the permanent dentition phase addressing a comparison between genders (12) (13) (14) (15) 17, 18, 20, 22, 24, 25, 28, 29) , six made at least one measurement of the maxillary dental arch on the sagittal plane (length) (12, 13, 15, 20, 24, 25) . Five of such studies compared differences in maxillary length between genders (12, 13, 15, 20, 24) . As regards the results found in these five studies, Hasegawa et al. (15) found that hard palate length until the level of the first molars was significantly greater in Mongolian women while anteroposterior maxillary length was significantly greater in Japanese males. Two studies found significantly higher maxillary length in males (13, 20) , while the other two (12, 24) found no difference.
During measurements on the vertical plane (depth) in the permanent dentition phase, only one study had measured maxillary depth of the first molars, and the means were very similar between genders (28) . With respect to hard palate or maxillary dental arch dimensions according to age, most of the studies made only a descriptive analysis of the results (18, 19, 22) or an analytical statistical analysis for comparison between genders at different ages (16, 23) . A statistical comparison between measurements at different ages was only made in two studies (21, 29) . The longitudinal study of Ribeiro et al. (21) found that the width values of the maxillary dental arch between the canines and first premolars in the age range of 10 to 14 years were significantly higher than those of children aged six to eight years. The difference between the two periods was equal to 3.21 mm in width between the canines and 2.16 mm in width between the first molars (21) . Finally, Bishara et al. (29) made a longitudinal evaluation of subjects from birth to 45 years of age through measurements on the transverse plane (width). From six weeks to two years of age, i.e., from the period of gingival rims until deciduous dentition, there was an increase of 4.2 mm of the average width of the anterior hard palate in boys and 4.0 mm in girls, as well as an increase of 5.3 mm in the width of the posterior hard palate in boys and 3.9 mm in girls. From three up to 13 years of age, width of the anterior and posterior maxillary arch has gradually increased, and there was statistical significance between ages. From three to five years, average width between the canines increased by 1.5 mm in boys and 1.0 in girls, and from eight to 13 years, it increased by 2.6 mm and 2.4 mm in boys and girls, respectively. Average width between the second deciduous molars from three to five years increased by 2.6 mm in boys and 1.5 mm in girls, while the average between the first permanent molars increased by 2.4 mm in boys and 2.0 mm in girls from eight to 13 years of age. Moreover, in women from 26 to 45 years, there was a decrease in width between the canines, and from 13 to 26 years, width decreased between the first molars. In the present study, all the averages of the measurements made at different ages were significantly higher in males (29) . Table 3 . Internal quality and risk control of bias according to the "Newcastle -Ottawa Quality" Scale
